misfolded proteins. This triggers a series of biochemical and transcriptional responses aimed at re-establishing ER homeostasis, while decreasing global protein synthesis [2] . The unfolded protein response (UPR) has been shown to be composed of at least three branches, each triggered by a different ER-stress sensor and associated downstream signaling events that synergize to restore ER homeostasis. These sensors are: (a) the endonuclease, Inositol-Requiring Enzyme 1a (IRE1), that splices the mRNA encoding for the transcription factor X-box binding protein-1 (XBP1) and drives the expression of genes regulating ER homeostasis [3] . (b) The Activating transcription factor 6 (ATF6) that induces the transcription of ER chaperone genes and Xbp1 itself [4, 5] . (c) The Double-stranded RNA-activated protein kinase (PKR)-like endoplasmic reticulum kinase (PERK) that phosphorylates the a subunit of the eukaryotic protein synthesis initiation factor 2 (eIF2a), which leads to translation repression of most mRNAs, but allows for specific synthesis of the transcription factor ATF4 [6] . ATF4 downstream targets include PPP1R15a (GADD34), a phosphatase 1 cofactor, that functions as a negative feedback regulator of p-eIF2a and restores translation initiation upon stress relief [7] .
Highly secretory cells including pancreatic ß-cells, hepatocytes, adipocytes, but also immune cells such as B cells or interferon-producing plasmacytoid dendritic cells (pDCs), rely extensively on the different branches of the UPR to carry out their specialized function [8] [9] [10] . Importantly, in addition to its stress rescue function, the UPR is active under normal physiological conditions and is essential in many cells and tissues to undergo a correct differentiation program during development [11] . In contrast, adverse metabolic conditions such as lipid accumulation, elevated glucose or excessive cytokine levels are some of the factors that can drive the UPR together with increased inflammation [12, 13] . Signaling events associated with inflammatory cytokine release are also able to induce ER-stress and initiate a cycle leading to tissue dysfunction and inflammatory pathologies, as observed for type 2 diabetes and obesity [14] . Given the importance of the UPR to control protein homeostasis, enveloped viruses that rely heavily on host translation machinery to manufacture their surface proteins during infection, often trigger ER-stress during infection [15] . UPR induction and associated translation arrest can also be considered as an immunological danger signal in cells submitted to infection or major dysbiosis [16] . Our current understanding of the UPR activation by inflammatory or microbial stimuli, and conversely, its contribution to the amplification of immune responses is still ill defined. However, the importance of this cross-talk for the development of different inflammatory pathologies and its potential as therapeutic target has recently received considerable attention [17, 18] .
Microbe sensing and Immunostimulating signaling pathways
Innate sensing is the first line of cellular defense against pathogens and its function is to trigger inflammation and efficient activation of adaptive immunity. Microbe detection occurs through pattern recognition receptors (PRRs), which sense conserved structures of pathogens called pathogen-associated molecular patterns (PAMPs), such as Lipopolysaccharides (LPS) or different types of nucleic acids (e.g. ssRNA or CpG DNA) [19] . Toll-like receptors (TLRs), RNA cytosolic helicases of the RIG-1-like receptors family (RLRs) [20] , and the DNA-sensing cGAS/STING pathway [21, 22] are among the best characterized PRRs [23] . Signaling through RLRs requires the scaffolding Mitochondrial Antiviral Signaling Protein (MAVS), which predominantly localizes to the mitochondrial outer membrane or to peroxisomes [24, 25] . In parallel, STING, an endoplasmic reticulum transmembrane protein, is activated by the binding of cGAMP, a second messenger synthesized by cyclic GMP-AMP synthase (cGAS). The enzymatic activity of cGAS is activated in the cytoplasm by dsDNA from viral, bacterial, or even mitochondrial origins [22] . In dendritic cells (DCs) and B cells, direct triggering of TLRs results in activation of interferonregulatory factor (IRF) and NF-jB transcription factors through the Transforming growth factor beta-activated kinase 1 (TAK1), TANK-binding kinase 1 (TBK1), and several IjB kinases (IKK) [26] , shaping specific immune responses against infectious pathogens by producing type-I IFN or proinflammatory cytokines, like TNF or interleukin-6 (IL-6). In pathological conditions, uncontrolled innate recognition of selfnucleic acids by DCs and B cells leads to the production of type-I IFN which contributes to inflammation flairs and autoimmune diseases development, such as systemic lupus erythematosus (SLE) [27] . Another pathway that enables the immune system to detect metabolic dysregulation, damages to cell integrity or invading bacteria relies on 'inflammasomes'. These signalosomes are assembled in response to cell damage or infection to activate caspase-1, leading to processing and secretion of interleukin-1, -11, and -18 (IL-1, IL-11, IL-18), which are all potent proinflammatory mediators [28] . Common partners in the activation of the inflammasome are the mitochondrial ROS and mitochondrial dysfunction [28] that are also known as ER-stressors capable of UPR initiation [29] .
From UPR induction to inflammatory processes
Unfolded protein response induction is clearly paralleled with NF-jB activation, which is a homo-or heterodimeric nuclear transcription factor omnipresent in multiple cell processes and absolutely required for inflammation, immunity, as well as immune cell differentiation [30, 31] 
IRE-1 cross-talk with microbe innate sensing
Upon stress-induced multimerization, the RNAse IRE1 mediates the activation of the transcriptional factor XBP1 through the cleavage of a 26 base long sequence in the mature XBP1 mRNA. This results in a frameshift in the open reading frame of the XBP1 mRNA that when translated results in an active transcription factor (sXBP1). In turn, sXBP1 controls the transcription of several targets regulating ER homeostasis, including chaperones and other proteins that promote secreted protein folding and trafficking, phospholipid biosynthesis, ER-membrane expansion and ER-Associated protein Degradation (ERAD) [5] (Fig. 1) . Mutations in IRE1 and the transcription factor XBP1 have long been identified as susceptibility alleles in patients suffering from inflammatory diseases, such as Crohn's disease and type 2 diabetes [49, 50] . The IRE1 signaling pathway was also shown to be essential for immunity, as Caenorhabditis elegans and mice lacking XBP1, fail to mount efficient immune responses against pathogens [36, 51] . Accumulation of several metabolites, such as fatty acids or cholesterol, can also trigger IRE1 and amplify proinflammatory responses, further illustrating the synergy operating between PAMP/DAMP sensing pathways and this specific UPR signaling branch [52] . XBP1 activation itself is sufficient in macrophages and stomal cells to drive proinflammatory IL-6 and TNF transcription [35, 53, 54] . IRE1 can also promote phosphorylation and activation of the JUN N-terminal kinase (JNK) and of NF-jB, through direct binding to the TNF Receptor-Associated Factor 2 (TRAF2) in the cytoplasm [32] (Fig. 1 ). In the context of infection with the intracellular bacteria Brucella abortus, the nucleotide-binding oligomerization domain (NOD)-like receptors 1 (NOD1) and 2 (NOD2) activation, was shown to require IRE1 to trigger IL-6 release by infected cells, and surprisingly not direct binding of NOD1/2 to bacterial components [55] .
The IRE1 molecule is directly and indirectly implicated in the activation of signaling cascades that lead to proinflammatory cytokines production. In addition to the XBP1 mRNA, which was its first described target, IRE1 regulates the levels of many mRNAs coding for secreted proteins in a process coined Regulated IRE1-Dependent Decay (RIDD) [56] . The IRE1 ribonuclease domain recognizes motifs in mRNAs similar to the XBP1 mRNA excision site, inducing the rapid decay of selected secreted proteins that in turn reduce the translation in the ER and alleviate ERstress [56, 57] . Several microRNAS have also been identified as RIDD targets, which in turn contribute to affect expression levels of other mRNAs during ERstress [58] . For example, TXNIP transcripts, in pancreatic islet cells, are stabilized by IRE1 activation, which cleaves the destabilizer microRNA miR17 [59] . Increased amounts of TXNIP dampen the antioxidant function of thioredoxins, further increasing ROS activity in stressed cells. This promotes NLRP3 inflammasome assembly and caspase-1 activation followed by proinflammatory IL-1ß secretion [60] . Therefore, activation of NLRP3 by IRE1 during stress is an important alternative route of inflammasome activation. Moreover, pharmacological inhibitors of IRE1 appear to be efficient for abrogating IL-1b secretion [59] . RIDD has also been shown, during exposure to cholera toxin or ER-stress-inducing agents, to produce mRNA fragments engaging the viral RNA sensing helicase RIG-I. Upon RIDD, the accumulation of single-stranded mRNA fragments that lack 5 0 cap or 3 polyA-tail leads to strong activation of RIG-I and type-I interferon in stressed cells [61] . Interestingly, viruses often take advantage of the ER to achieve an overwhelming production of viral proteins, which leads to UPR activation, and consequently to antiviral pathways induction [15] . In this context, RIDD has been shown to prevent respiratory syncytial virus replication [62] . Different bacteria and viruses have, however, The activation of IRE1 triggers activation of its endoribonuclease domain, which alternately splices the XBP1 mRNA to produce the sXBP1 transcription factor. The target genes of XBP1 are genes involved lipid biosynthesis, endoplasmic reticulum protein folding ,or degradation of misfolded proteins by ER-associated degradation (ERAD). XBP1 is also able to drive the transcription of proinflammatory cytokines genes, like TNF. Production of newly synthesized proteins into the ER is limited by the degradation of mRNA and subsequent translational reduction through regulated IRE1-dependent decay of mRNA (RIDD), that in turn is able to drive Type-I IFN production. Activated IRE1 can directly bind TNF Receptor-Associated Factor 2 (TRAF2) to phosphorylate the JUN N-terminal kinase (JNK) and NF-jB. (B) Maintenance of ER-folding capacity is essential at steady state and during development. In Dendritic cells (DC), IRE1 activation is necessary for their functional maturation. IRE1 and XBP1 drive ER expansion, maintain high immunoglobulin (in B cells) or cytokine secretion capacity and promote cell survival. In macrophages upon Toll-like receptor (TLR) stimulation by microbial products, IRE1 is activated through a mechanism that requires TNF receptor-associated factor 6 (TRAF6) recruitment. sXBP1 drives the transcription of the proinflammatory cytokines interleukin-6 (IL6), tumor necrosis factor (TNF) and type-I IFN. This mechanism synergizes with activation of NF-jB by the TLR to induce cytokine secretion.
adapted specific counter measures to prevent or co-opt UPR activation, including RIDD itself, to facilitate infection [63, 64] . For example, Japanese encephalitis virus exploits RIDD to induce cellular mRNA decay and promote its own replication [65] , while Hepatitis C virus infection also triggers IRE1 to prevent viral proteins degradation by ERAD [64] . In consequence, IRE1 is a major signaling hub required to potentiate the innate immune response by impacting on most of the known cellular microbe sensors and associated signaling pathways (Fig. 1) .
IRE-1 and immune cells differentiation or survival
Highly secretory immune cells, such as B cells or plasmacytoid dendritic cells, rely extensively on UPR signaling for homeostasis and function. The maintenance of ER-folding capacity is essential to many cells at steady state and during development [10] . In B cells, IRE1 and XBP1 have important regulatory functions for their differentiation in immunoglobulin-producing plasma cells. XBP1 works in synergy with BLIMP1 and IRF4 to drive ER expansion, and maintain high immunoglobulin secretion capacity [66, 67] , as well as to promote cell survival [68] [69] [70] . Poor antibody secretion by XBP1-deficient plasma cells is clearly due to a reduced ER expansion, but also to an increased RIDD activity, that targets IgG heavy-chain mRNAs [71] . The IRE1/XBP1 signaling pathway is also an important regulatory component of most T-cell subsets differentiation [72, 73] . T helper-17 (Th17) cells proliferation, which is associated with autoimmune diseases and cancer, is considerably boosted by the stress caused by hypoxia or low glucose concentration. Sustained cytoplasmic calcium levels and XBP1 activity synergize to enhance Th17 proliferation, and can even compensate for the inhibitory effect of transforming growth factor ß (TGF-ß) on their differentiation [74] . Dendritic cells (DCs) have also been shown to rely on UPR to maintain steady-state homeostasis and gain their unique immunostimulatory function. Importantly, both conventional DCs (cDC) and highly secretory type-I interferon-producing pDCs at steady state display a relatively high basal level of XBP1 mRNA splicing [9, 75] . The endonuclease activity of IRE1 contributes to cDC survival during stress exposure in different mucosal tissues, in which they can mount alternatively ATF4-or XBP1-dependent adaptive responses to survive the different specific stressors encountered at their sites of residence [76] . For example, lung-resident cDCs require IRE-1 signaling for their survival in the high oxygen tension present in this organ, while cDCs in the intestine do not [77] (Fig. 1) . Consequently, genetic deletion of XBP1 results in a pronounced apoptosis of lung DCs, while intestinal DCs display enhanced RIDD activation and downregulation of protein synthesis mediated by eIF2a and 4E-BP1 phosphorylation [77] . In consequence, IRE1 activation plays a major role in controlling the development of immune cells and promotes their survival in different tissue and environmental contexts. Independent of direct activation of IRE-1 by misfolded proteins accumulation in the ER, a cell-nonautonomous control of IRE1 mediated by a diffusible stress-related factor, has been described in C. elegans [78] . ER-stress propagation is XBP1-dependent and controls at distance stress resistance and longevity in the worm. A similar mechanism has been observed in mouse proopiomelanocortin neurons, that upon ectopic expression of XBP1 activate cell-nonautonomous Xbp1 and Grp78 transcription in hepatocytes, resulting in enhanced insulin sensitivity and glucose regulation [79] . Together, these reports suggest that the IRE1-XBP1 axis may be central to an ancestral mode of intercellular communication during cellular stress, with a role in organismal longevity, stress adaptation and metabolism, and potentially inflammation in murine microglia induced by ER-stressed astrocytes as suggested by in the EAE model [80] .
eIF2a Kinases and Immune signaling
In parallel to the IRE1-dependent pathway, activation of the PERK signaling cascade (Integrated stress response or ISR) is responsible for the translational arrest occurring during this early phase of the UPR. PERK is part of a family of four eIF2a kinases that directly phosphorylate the eIF2a in response to different stressful situations like amino acids starvation (GCN2), virus invasion (PKR), or heme depletion (HRI) [81] [82] [83] . Phosphorylation of eIF2a impairs the formation of the ternary initiation complex (eIF2/ GTP/methionyl-tRNA), through the inhibition of the initiation factor eIF2B. eIF2B is a GDP to GTP exchange factor that is necessary to recycle the ternary complex allowing for translation initiation [81] [82] [83] (Fig. 2) . Upon eIF2a phosphorylation, the translation initiation of most mRNAs is inhibited due to inefficient recognition of correct initiation codons. This inefficient initiation allows for the selective translation of stress-dependent mRNAs, generally displaying multiple inhibitory small upstream ORFs (uORF) in their 5 0 -UTR [82, 83] . The mRNAs coding for ATF4 and its downstream targets C/EBP homologous protein (CHOP) [84] and growth arrest and DNA damage-inducible protein 34 (GADD34, Ppp1r15a) [82, 83] , have regulatory uORFs and their translation is thus strongly increased by eIF2a phosphorylation [85] [86] [87] [88] (Fig. 2) . GADD34 is a Phosphatase 1 (PP1) cofactor and the main component of the negative-feedback loop that antagonizes PERK activity to restore protein synthesis via targeted dephosphorylation of eIF2a during the ISR. On the other hand, CHOP is a proapoptotic transcription factor that needs to be kept under tight control to prevent apoptosis in stressed cells. GADD34 activity has been proposed to delay CHOP translation and to reduce apoptosis during autophagy induction and ER-stress [89] . Interestingly, activated DCs have been shown to resist to tunicamycin stress induction and thus to control the ISR differently from other cells. TLR4 stimulation by LPS in macrophages Fig. 2 . The GADD34, a key player between ER-stress, translational control, and inflammation. In homeostatic conditions, eIF2a is part of a ternary complex together with GTP and the methionine tRNA, which allows for the recruitment of the ribosome and the initiation of translation. Under ER-stress, the kinase PERK is activated and phosphorylates eIF2a. Accumulation of P-eIF2a inhibits eIF2B, which is unable to exchange GDP by GTP, preventing the formation of the initiation complex and leading to a global arrest in protein synthesis. Translation inhibition prevents IjBa neosynthesis, and facilitates NF-jB activation, leading to an exacerbated inflammatory response after Toll-like receptors (TLR) stimulation by microbes. Upon ER stress and PERK-dependent eIF2a phosphorylation, selective translation of transcription factor ATF4, precedes ATF4-dependent transcription of genes required to maintain ER homeostasis, among which PPP1R15a (gadd34), a cofactor of phosphatase PP1. The GADD34-PP1c complex is a negative feedback regulator that dephosphorylates eIF2a and reestablish normal protein synthesis. GADD34 expression has been shown to be necessary for normal cytokine production upon TLR stimulation of DCs, suggesting the potential existence in these cells of other targets than eIF2a to favor innate signaling. Recent studies revealed that GADD34 transcription is also IRF3 or IRF7-dependent and is coregulated with Interferon-ß mRNA expression upon TLR or RLR activation by microbes or associated molecular determinants. Cycles of eIF2a phosphorylation and dephosphorylation in response of eIF2a kinases activity and GADD34 expression are therefore key determinants of the magnitude of the inflammation during infection, translation intensity being an important parameter to evaluate cellular stress levels and commensurate the innate immune response.
and DCs induces GADD34 and suppresses ATF4 and CHOP expression, thus limiting their capacity to induce the ISR [90] [91] [92] (Fig. 2) . Importantly, GADD34 also inhibits some of IKK functions [93] , further demonstrating the existence of a strong interplay between microbe innate sensing and all the different UPR branches. Several studies are pointing at PERK, as one of the crucial links between ER and inflammation. Inactivation of PERK has been shown to reduce inflammation in mouse models of Alzheimer's and prion diseases [94] . Pharmacological disruption of PERK function with the small-molecule GSK2606414 or indirectly with ISRIB, also greatly reduces inflammatory responses, without compromising ER-stress-induced adaptive responses or normal immunological function in the brain [95, 96] . Recently, a constitutive cell-autonomous phagocyte response specifically to live Gram-positive bacteria has been delineated [97] . This response aiming at the production of type-I IFN, is triggered by cyclic-diadenosine monophosphate (c-di-AMP), requires STING and is characterized by a multilayered integrated stress response that begins with manifestations of ER-stress, notably through PERK activation, and culminates in ER-phagy and heightened cytokine production. This cell-autonomous ER-stress response is protective at the organismal level during Listeria infection of mice, since macrophage-specific PERK deletion reduces serum levels of IFN and impairs infected mouse ability to control pathogen burdens [97] . PERK activation promotes also NF-jB translocation and proinflammatory cytokines transcription in stressed cells, while the ISR and eIF2a phosphorylation leads to a profound reduction of protein synthesis [98] . We have recently shown that the innate signaling cascades inducing NF-jB and IRFsdependent transcriptional responses can be strongly potentiated by concomitant translation inhibition upon eIF2a phosphorylation by the different eIF2a Kinases [99] (Fig. 2) . Protein synthesis arrest potentiates proinflammatory signaling by impacting several short-lived signaling inhibitors that depend on neosynthesis to exert their activity. This is particularly important for the NF-jB inhibitory protein, IjBa that is rapidly degraded by the proteasome upon TLR or RLR triggering to allow NF-jB activation and nuclear translocation [100] . The re-establishment of IjBa levels with time, is a key element in the negative feedback signaling loop, that ends NF-jB activation and prevents hyperinflammation after microbe sensing. Therefore, concomitant translation inhibition upon microbes or danger detection prevents IjBa neosynthesis in activated cells, and reinforces NF-jB signaling and associated proinflammatory cytokines transcription [101] (Fig. 2) . This situation can be extrapolated to many other negative feedback regulators of inflammatory signaling, like the short-lived phosphatase SHIP1 or the deubiquitinase A20, whose expression levels are extremely neosynthesis-dependent [99, 102] . From these observations, we can postulate that in cells exposed both to immune stimulation and proteostatic conditions, the proinflammatory transcriptional activity will be dosed to a level commensurating the intensity of the protein synthesis inhibition induced by stress, thereby using protein synthesis arrest, as a measure of danger exposure, stressed cells dose accurately the intensity of their proinflammatory response [99, 103] (Fig. 2) .
Toll-like receptor or RLR stimulation by microbial ligands is, in most cases, associated with high GADD34 expression levels, that counteracts the activity of the different eIF2a kinases. Importantly, GADD34 mRNA transcription was recently shown to be under the control of the transcription factors IRF3 and IRF7, which are induced after TLR or RLR triggering and control type-I IFN production in most cells exposed to microbes. This previously unsuspected ATF4-independent transcription explains why GADD34 expression is observed in most cells exposed to infection or to a proinflammatory environment [46, 99, 104] . Our laboratory has also demonstrated that eIF2a dephosphorylation by the PP1-GADD34 complex is absolutely necessary, both in vitro and in vivo, for type-I IFN and IL-6 production in response to VSV or Chikungunya virus infection [99, 105] . In addition to their activity on eIF2a, PP1 and GADD34 expression was shown, in human DCs, to decrease the threshold of activation of the viral RNA sensors RIG-I and MDA5 and associated type-I IFN production upon c-Type lectin DC-SIGN and RAF-1 activation by Measles viruses [106] . This immunostimulatory role was also demonstrated in the DSS-induced colitis model, in which immune cells recruitment and proinflammatory TNF expression in the gut of GADD34-deficient animals were profoundly reduced [107] . Importantly, GADD34 inactivation also limits the IL-6-dependent proliferation of epithelial cells and reduces the progression of chronic colitis toward colorectal cancer [107] . PP1, together with GADD34, has been reported to inhibit TLR-exacerbated TAK1 phosphorylation in mouse macrophages, and to protect the host from exacerbated inflammation [108, 109] .
Drugs interfering with eIF2a phosphorylation represent potential candidates for the treatment of different autoinflammatory diseases, for which levels of GADD34 induction also represent a severity indicator, such as rheumatoid arthritis [46] . Consequently, pharmacological inhibition of PP1-GADD34 complex or p-eIF2a activity has recently proven to be protective in different models of immune-pathologies [110] , including LPS-induced fulminant hepatitis [109] . One of the best documented interplays between ER-stress and disease development, is the role of the UPR in multiple sclerosis (MS) progression and in Experimental Autoimmune Encephalitis (EAE), its mouse model [111] . Activation of the UPR has been observed in the demyelinating lesions of MS patients, as well as in the EAE model, revealing elevated levels of ATF4, BIP, CHOP, and heat shock protein 70 [112] . IFN-c is believed to be the major inflammatory mediator that promotes myelin damage and oligodendrocyte death in this immune-mediated demyelinating disease by stimulating macrophages/microglia activation, promoting up-regulation of MHC molecules, and release of inflammatory mediators [113] . CNS expression of IFN-c also activates the PERK-eIF2a pathway in myelinating oligodendrocytes. Specifically, in mouse, PERK deficiency exacerbates IFN-c-induced myelinating oligodendrocyte death and consecutive hypomyelination [114] . These observations explain why genetic and pharmacological control of GADD34 inactivation elevates the level of p-eIF2a, attenuates myelinating oligodendrocyte death and hypomyelination in young mice that express IFN-c in the CNS [115, 116] .
ATF6 and TLR activation
The ATF6 pathway is the least studied of the three branches of the UPR, and little information on its impact on immunity or inflammation is available. ATF6f and XBP1 can form heterodimers, which drive differences in the pattern of gene expression observed in stressed cells, contributing to the balance between protein folding and degradation [117, 118] . It is therefore likely that this cross-talk also impacts the immunological functions of XBP1, and recent studies using a murine ischemia model, have shown that in liver macrophages, the ATF6 branch synergizes with TLR stimulation to potentiate a proinflammatory phenotype with enhancement of NF-jB signaling [119] . In this model, ATF6 deficiency promotes a tolerogenic immune response and prevents the hepatocytes death that occurs as a consequence of proapoptotic genes induction and excessive inflammation [119] . Among these genes, CHOP (ddit3), has been shown to also depend on ATF6f and not solely on ATF4 for its transcription during ER-stress [87] .
Conclusion
ER-stress and inflammation are two of the mechanisms allowing cells and tissues to respond to infection or stress-induced dysbiosis. The cross-talks between these two pathways are numerous and contribute to commensurate the cell response to the danger it is exposed to, whether it is from endogenous or exogenous origin. Interestingly, in addition to the contributions of the UPR and of protein synthesis regulation to the induction of proinflammatory cytokines, ER-stress links metabolism and inflammation in different pathologies [120] . It is generally accepted that obesity induces a chronic basal state of inflammation that affects glucose homeostasis. On the other hand, it is also known that inflammatory stimuli dramatically affect glucose uptake and consumption by immune cells. The relation between glucose availability, ER-stress and inflammation is a subject of intense research with implications in many fields with translational applications in cancer, diabetes, metabolic syndrome, or obesity [121, 122] . In the case of obesity, IRE1 senses protein unfolding and metabolic states in adipose tissue macrophages, and guides them toward a functional polarization imbalance, that in turn drives inflammatory and metabolic syndrome [123] . In hepatocytes, inflammation and IKKb activation induce sXBP1 phosphorylation, enhancing its transcriptional activity, and rendering mice protected from high fat diet induced by ER-stress and associated metabolic diseases [124] . Glucose deprivation also induces ER-stress [125] , and leads to the induction of proinflammatory cytokines. Interestingly, the concept of transmissible ER stress has recently been put forward [126] to describe the capacity of cancer cells engaged in the UPR to mediate several cell-extrinsic effects affecting innate as well as antigen presentation functions of myeloid cells [127] . Factors present in the conditioned medium of ER-stressed tumor cells have been shown to transmit ER-stress to receiver macrophages and DCs. Interestingly, the response of myeloid cells to transmissible ER-stress is not totally proinflammatory and production of arginase 1 and prostaglandin E2 responsive factor, both known to suppress T-cell activation via L-arginine metabolism was observed. Thus in the tumoral context, ER-stress transmission favors a rather proinflammatory/suppressive phenotype in DC and macrophages [128] .
These observations highlight the link between dysfunctional metabolism, ER-stress and different types of inflammation, thus opening multiple windows for therapeutic intervention targeting independently the different branches of the UPR and their associated molecular machinery. 
